Background -The precise mechanism of high altitude pulmonary oedema (HAPE) remains unclear. The purpose ofthis study was to evaluate the role of cytokines and P-selectin in the development of HAPE which occurred at moderate altitude in Japan. Methods -The following cellular and biochemical markers and chemotactic cytokines were measured in the bronchoalveolar (BAL) fluid from four patients with HAPE at 2857-3180 m in the Japanese Alps: total proteins, albumin, lactate dehydrogenase (LDH), and interleukin (IL)-la, IL-1p, IL-1 receptor antagonist (ra), IL-6, IL-8, IL-10, tumour necrosis factor (TNF)-a, and the soluble form of Pselectin. Results -At admission there were significant increases in the levels oftotal cells, especially macrophages and neutrophils, total protein, albumin and LDH when compared with 13 healthy individuals.
High altitude pulmonary oedema (HAPE) is a non-cardiogenic pulmonary oedema that occurs in healthy individuals and is seen among those ascending above 2700 m in the Japanese Alps.' Its precise mechanism remains unresolved. Although the oedema formation of HAPE might be related to the shear forces associated with increased pulmonary vascular pressure," it is mainly due to increased pulmonary permeability. 4 Conversely, recent studies5-7 of the pathophysiology of adult (or acute) respiratory distress syndrome (ARDS) or acute lung injury, a pulmonary oedema with typically increasing permeability, have revealed that ARDS is characterised by a significant inflammatory component followed by infiltration of mainly neutrophils and macrophages. There are many studies of chemical mediators, chemical cytokines, and adhesion molecules in the bronchoalveolar lavage (BAL) fluid of patients with ARDS.5-7 Sakamaki et al have recently reported that the level of the soluble form of P-selectin is increased in the plasma of patients with ARDS. From its clinical characteristics it is possible that HAPE is one form of acute lung injury, but no data are available concerning these mediators in HAPE. We have measured the levels of chemotactic cytokines and Pselectin in the BAL fluid ofpatients with HAPE in order to evaluate the role of these mediators in the development of HAPE.
Methods

PATIENTS
We examined the cellular and biochemical markers and the chemical cytokines in the BAL fluid of four men with HAPE who were admitted to Shinshu University Hospital (600 m above sea level) which is located at the foot of the Japanese Alps. All patients had experienced overt symptoms and signs of HAPE while climbing, with fatigue, fever, cough, production of sputum, tachypnoea and dyspnoea, and cyanosis at 2857-3180 m. At admission they showed severe hypoxaemia (Pao2 4-6 (2A4) kPa in room air), coarse crackles on chest auscultation, with bilateral infiltrates on the chest radiograph and computed tomographic scan. The bacteriology of their sputum and BAL fluid was negative. All patients recovered within a week with rest and oxygen inhalation. They had no antibiotics or treatment for heart failure. We also studied 13 healthy individuals (eight men) with a median age of 49 years (range 24-67 years) as controls. This study was performed according to the criteria set out in the Helsinki Declaration, and free and informed consent was obtained from all patients and normal individuals.
BRONCHOALVEOLAR LAVAGE AND CELL COUNTS
The BAL study was performed on days 1-3 after admission in all patients and at recovery in three of them (cases 2, 3, and 4). Subcutaneous injections of atropine (0 5 mg) and pethidine hydrochloride (0 5 mg/kg) were given. Lignocaine (2% solution) was sprayed in the oral pharynx and upper airway for local anaesthesia. A fibreoptic bronchoscope (Olympus BF 1T, ED 6 mm, Olympus Co., Tokyo, Japan) was wedged in the B4 or B5 segmental bronchus. Three 50 ml aliquots of sterile normal saline warmed to 37°C were instilled into the lung and each was then removed by gentle suction. The mean retrieval of the instilled saline in BAL fluid at admission was 50 0 (7 0)%. The lavage fluid was filtered through a gauze, and one small aliquot was set aside for counting total cell numbers and another was spun in a cytometer at 500 rpm for five minutes and stained by the May-Grunwald-Giemsa method to identify cell populations. Two for IL-lot, IL-i13, IL-ira, IL-6, IL-8, IL-10, TNF-ct, and P-selectin have recently been used and the precision of the assays determined.8
The values are expressed as means (SE). The Student's t test was used for the statistical analysis and a p value of <0 05 was considered significant.
Results
The results of analysis of the BAL fluid at admission of the four patients with HAPE, together with those for the 13 normal control subjects, are shown in the table, and the con- spectively. The levels of IL-i1 3 (1i 1 (7 1) pg/ ml), IL-6 (1981-3 (1250-0) pg/ml), IL-8 (983 1 (879 6) pg/ml), and TNF-ct (18-2 (15 4) pg/ ml) were also markedly increased. At recovery the cellular and biochemical markers and chemotactic cytokines quickly returned to normal levels. The level of IL-ira in BAL fluid was 3653 5 (1434-6) pg/ml at admission and 408-7 (243 9) pg/ml at recovery. Neither ILa nor IL-10 was detected at admission or after recovery. At admission the concentration of Pselectin in the BAL fluid was 106 ng/ml in one patient (patient 3), but P-selectin was not detected in the other three patients.
Discussion
A study of the BAL fluid of six patients who developed HAPE after climbing Mt McKinley in Alaska4 reported markedly increased numbers of total cells, with alveolar macrophages and neutrophils comprising 67% and 25%, respectively, and increased levels of total protein, albumin, and large molecular weight proteins (IgM). The present study also showed similar results, although the percentage of neutrophils was particularly high (42%) and the percentage of macrophages was lower (46%). The discrepancy between the percentage of neutrophils in the BAL fluid in our study and that of Schoene et a14 may be explained by several factors. The conditions under which BAL was performed were completely different, with Schoene et al performing their study on Mt McKinley at 4400 m,4 while our study was carried out in patients who were rescued from the Japanese Alps and admitted to hospital at 600 m above sea level. As a result, there was a longer time lag in our study between the development of HAPE and the BAL study. The temperature was also different, so that the inflammatory process of RAPE may have been more developed in our study. Nevertheless, the results of these two studies suggest that HAPE is due to an increase in lung permeability. The cell counts and percentage of neutrophils in the BAL fluid from patients with ARDS are remarkably high, constituting almost 80% of the total cell population,7 so the cell counts and percentages of neutrophils in the BAL fluid from patients with HAPE are clearly lower than those in ARDS. Schoene et al4 have also noted that alveolar macrophages play an important part in the development of HAPE through the release of leukotriene B4, a predominant neutrophil chemotactic factor.
The main finding of the present study is that levels of IL-i 1P, IL-6, IL-8, and TNF-a in the BAL fluid of patients with HAPE are significantly increased at admission, but these cytokines are no longer detectable following recovery. IL-Ira levels were raised at both admission and following recovery. The roles of those cytokines which are increased in the development of HAPE are complicated. IL-1, IL-6, IL-8, and TNF-ct are potent chemoattractants of neutrophils and regulate neutrophil adhesion receptors. These substances appear to be of prime importance in ARDS,5-7 so it is likely that a similar inflammatory process occurs in HAPE. IL-I13 is presumed to function as an extracellular cytokine, though IL-oc remains in the cytosol and appears to function as an autocrine or paracrine messenger.9 IL-13 levels in BAL fluid are increased in patients with ARDS,'0 and our study has shown that they are also raised in patients with HAPE. Levels of IL-ira were raised on admission and also following recovery when its level had declined somewhat. IL-Ira levels in BAL fluid seem to increase in response to the increase in IL-1p because this substance binds equally to the receptors of IL-loc and IL-1 P.'
A number of adhesion molecules have recently been found to play an important part in neutrophil adhesion to the endothelium during the inflammation process." P-selectin, located on both vascular endothelial cells and platelets, has been shown to be one of these neutrophilendothelium cell adhesion molecules." Sakamaki et al8 reported that plasma levels of the soluble form of P-selectin were increased in patients with ARDS and acute lung injury, especially in those who subsequently died, and they concluded that this substance may serve as a useful indicator of the severity of acute lung injury. In the present study P-selectin was detected in BAL fluid at admission in one patient (patient 3) but not in the other three patients. The former patient showed more significant permeability in terms of the levels of total protein, albumin and LDH, and also the higher counts of neutrophils in the BAL fluid. Further studies are needed to examine the relationship between the P-selectin levels in BAL fluid or plasma and the severity of HAPE.
The pathogenesis of ARDS or acute lung injury consists of two pathways: the direct effects of an insult on the pulmonary epithelium and endothelium and the indirect result of an acute systemic inflammatory response such as sepsis, severe pneumonia, and endotoxaemia. [5] [6] [7] Many studies have investigated the indirect effects of cytokines and the adhesion molecules mentioned above in ARDS or acute lung injury. Sepsis, endotoxin, and other substances initially stimulate the production of IL-1 and TNF-cz from macrophages or monocytes, and these cytokines, in turn, stimulate the production of other cytokines. We consider that HAPE is one type of acute lung injury caused by the direct effects of the lung cells. The factors related to the development of HAPE are twofold -namely, environmental and individual factors. The environmental factors are unique to high altitude and include hypoxia, hypobaria, and cold. Furthermore, exercise at high altitude is an important factor. There have recently been several in vitro and in vivo studies concerning the relationship between these factors and cytokines or adhesion molecules. In the in vitro studies severe hypoxia (P02 1 9-2.4 kPa) led to time-dependent release ofIL-8 from human endothelial cells.'2 During strenuous exercise monocytes are activated and release IL-6 and TNF-oc.'3 The individual factors include the susceptibility to hypoxia and exercise and their conditions during a period at high altitude. We consider that there is variability in the susceptibility'4 '5 of individuals to HAPE, including a lower ventilatory response to hypoxia and the pulmonary haemodynamic hyperresponsiveness to hypoxia, hypobaria and exercise. We speculate that these variations in susceptibility to HAPE play an important part in its development, which occurs at relatively low altitudes such as the Japanese Alps. It would seem worthwhile to evaluate cellular functions and cytokine release in subjects susceptible to HAPE.
It is well known that HAPE resolves very rapidly when patients are transferred to low altitude, and the cellular and biochemical markers in the BAL fluid of our patients quickly returned to their normal ranges. IL-1:, IL-6, IL-8, and TNF-a which are increased in ARDS or acute lung injury are also raised in the BAL fluid in patients with HAPE, and their elevations are also transient. The pattern of change in the concentrations of these cytokines at admission is almost identical to that in ARDS, but the change in P-selectin differs.
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